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the beginning of the plastic flow, true engineering strain, and the strain hardening 
coefficient. 

The elementary concepts of stress and strain given in Chap. 1 refer to the en¬ 
gineering as well as true definitions of stress and strain. The designer is primarily 
interested in the original cross-sectional area needed to carry a certain load. How¬ 
ever, when the structural member is stressed well beyond the elastic region, the 
relevant cross-sectional area may undergo certain changes in nominal dimensions. 
It was noted in Chap. 1 that a round bar in tension can experience necking so that 
the true stress is obtained by dividing the tensile force by the actual cross-sectional 
area. The true strain is based on the idea that a small increment of deflection 
should be divided by the actual rather than the original gage length. If required 
this strain can be found from Eq. (1.22). 

The elementary theory of bending outlined in Chap. 3 shows that M y = IS y /C, 
where, according to Eq. (3.1), S y denotes the yield strength of the material. If we 
now assume that with further increase in bending moment the yielding progresses at 
a constant stress, then for the condition of full plasticity, M p will denote the plastic 
bending moment. The perfectly plastic material, often used in the calculations, 
shows no work hardening. The stress-strain diagram for this material shows two 
straight lines. The first line represents the elastic response, which is followed by 
the line parallel to the strain axis. 

The analysis of beam collapse under transverse loading is beyond the scope of 
this book and is more apt to fall in the province of civil engineers concerned with 
rigorous as well as approximate methods of load calculations. However, it may be 
useful to characterize some of the typical beam cross sections in terms of a moment 
ratio M p /M y , where M y corresponds to the yield strength of the material. Here, 
the material is assumed to be perfectly plastic, indicating yielding at a constant 
stress. Under ultimate load conditions, corresponding to the plastic moment, M p , 
the plastic flow progresses toward the central axis of the cross section, and the 
corresponding stress distribution is rectangular instead of the customary triangular 
shape common to pure bending of beams in the elastic regime. 

The magnitude of the moment ratio M p /M y signifies the reserve of strength of 
the particular beam in bending. For example, the theory of plasticity shows that 
for a rectangular cross section and perfectly plastic material, this ratio is equal 
to 1.5. Hence, to bring about structural collapse of the beam, the external bending 
moment should be 50% greater than that corresponding to the yield of the external 
fiber. Examples of the moment ratios for other cross-sectional geometry are given 
in Table 18.1. 

In the case of a standard I beam, the calculations show that the moment ratio 
varies between 1.15 and 1.17. Therefore, if rectangular and I-beam sections are 
designed to the same factor of safety based on the onset of yield, the rectangular 
beam should have a larger reserve of strength than an I beam. 



